Although it has been shown in vitro that lamin solubilizaated the rate of chromosome condensation. The hole tion can occur in the absence of the nuclear membrane produced in the NE then rapidly expanded over the breakdown (Newport and Spann, 1987) lamin depolynuclear surface. NE fragments remaining on chromomerization is still thought to be necessary to disassemsomes were removed toward the centrosomes in a ble nuclear membranes. NPC components have simimicrotubule-dependent manner, suggesting a mechalarly been shown to become phosphorylated by p34 
Spanning both membranes are NPCs that form aqueous
A mechanism by which mitotic phosphorylation of NE channels which allow selective traffic between nucleus proteins leads to NEBD has not been established to and cytoplasm and impose a permeability barrier to free date, but recent studies in starfish oocytes have prodiffusion at ‫04ف‬ kDa. In multicellular eukaryotes, the posed pore complex disassembly as a possible trigger NE is stabilized by the nuclear lamina, a tight mesh for permeabilization (Terasaki et al., 2001 Figure S1A ; see Supplemental Data secmovements after fertilization in many oocytes (Reinsch and Gö nczy, 1998). Moreover, in S. pombe, dynein is tion below). NE folds then matured into invaginations severely distorting the NE ( Figure 1C) . Finally, the nurequired for nuclear movements in meiotic prophase (Yamamoto et al., 1999), and it is essential in filamentous cleus was permeabilized, evidenced by the influx of cytoplasmic molecules ( Figure 1A ) and the appearance of fungi for the invasion of nuclei into the tip of hypha before mitosis ( In this study, we investigated the mechanism that leads S1A, S1C, and S1D). Figure S2E ). These results demonstrate that except for LBR, all NE proteins tested, includor the appearance of the first discontinuity in the NE. These events serve to define NEBD for the purpose ing B type lamins, were dispersed only after NEBD. All three nuclear membrane proteins equilibrated with the of this study and are used as a temporal reference to correlate different G2/M processes. To ensure that the ER, while lamin B1 appeared to be soluble in the cytoplasm, consistent with our previous results (Ellenberg resolution of the 4D imaging system was sufficient to detect the initial gaps associated with nuclear permeet al. 
NEBD Results from a Single Hole which Expands
Rapidly over the Nuclear Surface Next, we investigated the precise structural nature of (1) The lamin polymer could be weakened by phosphorying chromosomes still connected to the NE was affected by microtubules located outside the nucleus before lation-induced depolymerization prior to NEBD, and the first site to be completely disassembled would form a NEBD.
Whether the distribution of tension on the lamina surhole in a random position. However, the static behavior of the lamina until NEBD observed in 4D imaging and face was related to the site of hole formation was investigated next. Gaps in the lamina appeared reproducibly FRAP experiments, as well as the reproducible position of the hole, argued against this possibility. (2) Alternaat the site of maximum deformation of the bleached grid ( Figure 5A , upper surface arrowheads), consistent with tively, the branched lamin polymer could be stretched by mechanical forces, and gaps would result from tearing of a tearing mechanism. The lamin polymer in these regions was stretched 1.5-fold, measured by the change in disthe lamina. To test the latter, we analyzed changes in NE surface prior to NEBD. In early prophase, folds and tance of two line intersections ( Figure 5C ). Conversely, on the lower nuclear surface close to the centrosomes, indentations appeared in both the INM and the lamina up to one hour before NEBD (Figure 4A, arrowheads) .
line intersections came closer together as a result of infolding of the NE (Figure 5A ; lower surface, Figure 5D ). The folds eventually grew in size and depth to ‫01ف‬ m deep invaginations ( Figure 4B) . The indentations After a hole was formed in the lamina surface opposite the centrosomes at the site of maximum stretching, the invariably contained the centrosomes and were later frequently connected by a bridgelike fold in the NE (Fig-NE rapidly a minus-end-directed microtubule motor such as dynein on the NE surface accounts for the generation of tension microtubules after NEBD. Phosphorylation-driven disassembly alone may not free the chromosomes effiand folds in the NE and NE tearing as well as the subsequent movement of NE fragments to the spindle poles ciently enough, and in fact we observed that the majority of lamin B1, LAP2␤, and POM121 were disassembled (Figure 7) . In late G2, dynein would become immobilized on the surface of the NE, presumably by binding to after NE fragments had been moved away from the chromosome surface. Without this removal, NE fragments NPCs. The motor would serve to attach newly nucleated spindle microtubules to the NE. Minus-end-directed mocould delay kinetochore capturing for about 10 min, the time required for their complete disassembly. Mechanition would start to create pulling forces on the NE surface toward the centrosome. These forces would becal checkpoint and kinetochore peeling functions are not mutually exclusive and reinforce the view that formacome stronger with increasing length and number of spindle microtubules and push NE material toward the tion of the mitotic spindle and nuclear disassembly are two intertwined and highly coordinated processes. 
